A polymorphism of a variable number tandem repeat (VNTR), that was recently found in the promoter region of the monoamine oxidase-A (MAOA) gene, was shown to be associated with its transcriptional activity. This study examined whether this functional polymorphism of the MAOA gene is associated with the risk of developing mood disorders in a Japanese sample of 161 patients with bipolar disorder, 98 with unipolar depression, and 258 controls. There was no significant genotypic or allelic association, suggesting that the functional VNTR polymorphism in the MAOA gene is unlikely to play a major role in the pathogenesis of bipolar disorder or unipolar depression. Furthermore, we found no association between the polymorphism and a history of suicide attempt.
Monoamine oxidase-A (MAOA) catalyzes the oxidative deamination of biogenic amines such as noradrenaline, dopamine, serotonin, and histamine. Thus the MAOA enzyme plays a critical role in the regulation of catecholamine and indolamine neurotransmission. MAOA-inhibiting drugs (eg, moclobemide) are effective agents in the treatment of depression. This physiological and pharmacological evidence makes the MAOA locus on the short arm of the X chromosome (Xp11) a good candidate for an association study with mood disorders.
The activity levels of the MAOA enzyme distribute a range of over 50-fold difference in the population, 1 which was determined at least in part by polymorphisms of the MAOA gene itself. 2 Previous studies have suggested a possible association between several polymorphisms of the MAOA gene and mood disorders. Rubinsztein et al 3 performed a meta-analysis combining genotype data from three Caucasian samples [3] [4] [5] for a CA repeat polymorphism in intron 2, and a nucleotide substitution (G941T), a silent mutation in exon 8, of the MAOA gene and found a significant difference in the allele frequency between patients with bipolar disorder and controls for both markers. In the Japanese population, a significant association between the CA repeat polymorphism and bipolar disorder was observed, 6 although an association between the G941T polymorphism and bipolar disorder was not detected. 7 Although these previous studies confer suggestive evidence for an association between variations in the MAOA gene and mood disorders, there is no evidence indicating that these polymorphisms are directly related to the function of the MAOA gene.
Recently Sabol et al 8 identified a common polymorphism of a variable number tandem repeat (VNTR) in the promoter region of the MAOA gene, which was shown to be associated with MAOA transcriptional activity. The 'allele 3' containing four repetitive elements had a 2.7-4.8 fold increased transcription activity than the 'allele 1' containing three repetitive elements, based on promoter fusion assays using the luciferase reporter gene. In the present study, we examined whether this functional VNTR polymorphism is associated with bipolar disorder and unipolar depression. Figure 1 shows band patterns of observed alleles in our sample. The differently sized alleles were subject to direct sequencing. Although Sabol et al 8 identified four alleles containing three (designated as allele 1), 3.5 (allele 2), four (allele 3), and five repeats (allele 4) of a 30 base-pair motif, we detected only three alleles: the alleles 1, 3, and a shorter variant containing two repeats which was not described by Sabol et al. 8 The frequency of the shortest allele was rare; only one bipolar patient and four control subjects carried this allele. Thus, individuals who carried this allele were excluded in the following statistical analyses. Table 1 shows the genotype distributions for the Figure 1 Observed alleles of the VNTR polymorphism of the MAOA gene. Lane M: DNA molecular weight marker. Lane 1: male control subject with the allele 3. Lane 2: male control subject with the allele 1. Lane 3: female patient with bipolar I who was heterozygous, carrying the allele 3 and a novel allele shorter than the allele 1. Lane 4: female control subject being heterozygous, carrying the allele 1 and the shortest allele. = 0.42, df = 1, P = 0.52 for the controls). There was no significant difference in the allele frequency between sexes for each group. The frequency of the allele 3 in our control subjects was 0.38 for males and 0.41 for females, which was similar to the frequency (0.38) reported by Sabol et al 8 for Asian subjects and Pacific islanders.
The genotype distribution for the patients with bipolar disorder or unipolar depression did not differ significantly from that for the controls in males or in females (males: = 0.2, df = 2, P = 0.89 for the unipolar group). When men and women were combined, the allele frequency of the bipolar or unipolar group did not differ significantly from that of the controls ( 2 = 0.5, df = 1, P = 0.46 for the bipolar group; 2 = 0.0, df = 1, P = 0.84 for the unipolar group). Even when the allele frequency for patients with a history of suicide attempt (55 subjects) was compared to that for the controls, there was no significant difference ( 2 = 0.0, df = 1, P = 0.91). We failed to find an association between the functional polymorphism in the promoter region of the MAOA gene, suggesting that this functional VNTR polymorphism of the MAOA gene is unlikely to have major relevance to the susceptibility to mood disorders.
The results might have been biased by the differential age distributions between the patients and the controls (see Subjects). However, there was no significant difference in age distribution by the genotype for males (F = 0.47, df = 1, 219, P = 0.50 by one-way analysis of variance) or females (F = 0.10, df = 2, 288, P = 0.91), indicating that the possible bias could be minimal. However, we could not exclude possible biases due to hidden population stratifications, for example, socioeconomic status.
In the allelic association analysis, the present sample size had a power of 90% to detect an odds ratio of 1.7 for bipolar, and 1.9 for unipolar patients where the critical P-value was set at 0.05.
In conclusion, we obtained no evidence for a major role of the functional VNTR polymorphism in the promoter region of the MAOA gene in the pathogenesis of bipolar disorder or unipolar major depression in the Japanese population. In addition, an association between the polymorphism and a history of suicide attempt was not detected.
Methods

Subjects
Subjects were 161 patients with bipolar disorder (59 men and 102 women; 124 bipolar I and 37 bipolar II), 98 unipolar major depression (37 men and 61 women), and 258 controls (126 men and 132 women). The mean age (standard deviation, SD) was 47.6 (13.7) for the bipolar group, 54.5 (16.4) for the unipolar group, and 31.8 (12.3) for the controls. Patients with mood disorders were from the general psychiatric clinics of Teikyo University Hospital and Showa University Hospital, and Shiga University of Medical Science Hospital. Consensus diagnosis by at least two psychiatrists according to the DSM-IV criteria, 9 was made for each patient using non-structured interview (interview by one psychiatrist with one or more observing psychiatrists) and scrutinizing medical records. One hundred and thirty-one cases (84%) of the bipolar and 47 (48%) of the unipolar patients had a history of hospitalization. The mean age of onset was 34.1 (SD 12.8) years for the patients with bipolar disorder, and 45.1 (16.9) for the unipolar patients. From all the available clinical information, we identified 55 subjects who had a history of suicide attempt.
Controls were recruited from hospital staff and medical students, who were not assessed for psychiatric symptoms by any structured interview method, but they showed good social functioning (ie, no history of long-term absence from work or school attendance) and reported themselves to be in good health. All the cases and the controls were unrelated Japanese.
Genotyping
With written informed consent, a blood sample was drawn from each individual. Genomic DNA was extracted from whole blood according to standard procedures. Polymerase chain reaction (PCR) amplification was performed for the VNTR region of the MAOA gene by using a forward primer of 5Ј-CAGCGCCCAGGCTGCTCCAGAAAC-3Ј and a reverse primer of 5Ј-GGTTCGGGACCTGGGCAGTTGTGC-3Ј with the annealing temperature of 65°C, followed by 5% polyacrylamide gel electrophoresis with ethidium bromide staining. Differently sized alleles detected at electrophoresis were subject to direct sequencing by ABI PRISM ® 373 autosequencer (Perkin Elmer, Chiba, Japan). Genotype data were read blind to the case-control status.
Statistical analysis
The presence of Hardy-Weinberg equilibrium was tested for the female subjects by the 2 test for goodness of fit. Genotype distribution and allele frequency were compared between each diagnostic group and the control group by the 2 test for independence.
